In our second memoir on fired gunpowder we have discussed id detail that part of M. Berthelot's friendly criticism of our first memoir which relates to the potassium hyposulphite found by us, in variable proportions, in our analyses of the solid products obtained by the explosion of gunpowder in the manner described. While pointing out that we had taken every precaution in our power to guard against the production of hyposulphite, by atmospheric action upon the po tassium sulphide, during the removal of the hard masses of solid pro-! ducts from the explosion vessel, and had effectually excluded air from them, when once they were removed until they were submitted to analysis, we admitted the impossibility of guarding against the acci dental formation of some hyposulphite during the process of removal, especially in some instances in which the structure of the residue had certainly been favourable to atmospheric action, and in which a more or less considerable development of heat had afforded indications of the occurrence of oxidation.
We contended, however, that the method of analysis, and the pre cautions adopted by us in carrying it out, precluded the possibility of accidental formation of hyposulphite at this stage of our investigations. W ith respect to the precautions, we could, and still do, speak with perfect confidence-; and we certainly have believed ourselves fully justified in being equally confident with respect to the process adopted by us for the determination of the proportions of sulphide and hypo sulphite, inasmuch as we accepted and used in its integrity the method published in 1857 by Bunsen and Schischkoff in their classical memoir on the products of explosion of gunpowder, and adopted since that time by several other investigators who have made the explosion of gunpowder the subject of study, and whose results are referred to in our first memoir.
Imposing implicit confidence in the trustworthiness of this method of analysis, emanating as it did from one of the highest authorities in (experimental research, we considered ourselves fully justified in mainStaining that the very considerable variations in the amount of hypo sulphite found in different analyses, carried out as nearly as possible i under like conditions, and the high proportion of sulphide obtained s 'in several of those analyses, afforded substantial proof th at accidental (oxidation during the collection and analysis of the residues was not sufficient to account for all but the very small quantities of hypo sulphite, which, in M. Berthelot's view, could have pre-existed in the ipowder residues. Other facts established by the exhaustive series of experiments detailed in our first memoir, were referred to by us in our second memoir in support of the above conclusion (from which we have still no reason whatever to depart). A t the same time we de scribed a series of supplementary experiments which had been instituted by us, with a view to obtain, if possible, further decisive evidence as to the probable proportions of hyposulphite and sulphide actually existing in the residues furnished by the explosion of gunpowder in closed vessels.
In the first place, the residues obtained by the explosion of charges of R.L.G. and pebble powders were submitted to special treatment. Portions of each, consisting exclusively of large masses, were very speedily detached and removed from the explosion vessels, and sealed up in bottles freed from oxygen, having been exposed to the air only for a few seconds. Other portions of the same residues were very finely ground and exposed to the air for 48 hours. As was stated in our recent memoir, the portions of the residues treated in the lastnamed manner contained very large proportions of hyposulphite (although in one of them there still remained about 3 per cent, of sulphide) while those portions which had been for only a brief period exposed to air (and which presented but small surfaces) were found to contain from 5 to 8'5 per cent, of hyposulphite. As, throughout our entire series of previous experiments, no accidental circumstances had occurred which even distantly approached the special conditions favourable to the oxidation of the sulphide presented in these par ticular experiments, we considered ourselves fully justified in con cluding that the non-discovery of any sulphides in the analyses of residues furnished by the fine grain powder in three out of the whole series of experiments, was not due to accident in the manipulations; and that in those instances, in our several series of experiments, in which large quantities of hyposulphite were found, the greater pro portion of that substance must have existed before the removal of the residues from the explosion vessel.
Not suffering the question to rest there, however, we proceeded, in the second place, to adopt new precautions, in two special experi ments, for guarding against the possible formation of hyposulphite in the removal of the residues from the explosion vessel, and their pre paration for analysis.
Distilled water, carefully freed from air by long continued boiling, was syphoned into the vessel when it had cooled after the explosion, and thus no air was ever allowed to come into contact with the solid products. W hen the vessel was quite filled with water it was closed, and, after having been left at rest for a sufficient time to allow the residue to dissolve completely, the solution was rapidly? transferred to bottles which had been freed from oxygen. These when completely filled with the liquid, were hermetically sealed until the contents were submitted to analysis in accordance with the usual method, when they furnished respectively 4 and 6 per cent, of hypo sulphite. These results corresponded closely to others obtained by the analysis of seven residues obtained in experiments with P., R.L.Gr., and L.(x. powders, in which there were no peculiarities assignable as a possible reason why the proportions of hyposulphite should be so much lower, in these cases, than in other experiments carried out w ith the same powders under as nearly as possible the same con ditions.
By the results obtained under the various conditions pointed out in the foregoing, we were forced to the conclusion th at the discovery of a small or a larger proportion of hyposulphite by the analysis of the powder residue, obtained as described, is consequent upon some slight variation (apparently not within the operator's control) attending the explosion itself; but th at hyposulphite does exist, though generally not to anything like the extent we were a t first led to believe, as a normal and not unimportant product of the explosion of powder in a closed space.
Some time after the submission of our second memoir to the Royal Society, we received a communication from Professor Debus, which has led us to institute a further series of experiments bearing upon this question of the existence of hyposulphite, and the results we have arrived at have led us so greatly to modify our views on this point, that it is our duty to communicate them without loss of time to the Royal Society.
As introductory to these, it is necessary to repeat the account, given in our first memoir, of the method pursued by us for determining the proportions of potassium monosulphide and hyposulphite in a powder residue.
The solution of the residue, prepared by the several methods already described, was separated by filtration, as rapidly as possible, from the insoluble portion, the liquid being collected in a flask in which it was at once brought into contact with pure ignited copper oxide. The solution and oxide were agitated together, from time to time, in the closed flask, the two being allowed to remain together until the liquid Capt. N ob le and F . A . Abel.
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Fired Gunpowder. 201 ras perfectly colourless. In a few instances tlie oxide was added in small quantities at a time, in others the sufficient excess was added it once, with no difference in the result obtained. The only points In which this method differed from th a t described by Bunsen and Bchischkoff in their memoir, was in the employment of a flask well blosed with an india-rubber bung for the stoppered cylinder which was employed by them ; and in occasionally curtailing somewhat the prescribed period (two days) for which the liquid and the copper oxide were allowed to remain together, the operation being considered complete when the solution had become colourless. Bunsen and Bchischkoff prescribed th a t the liquid when separated by filtration from the mixed copper oxide and sulphide obtained in the foregoing treatment, is to be divided into seven equal volumes, in one of which the amount of hyposulphite may be most simply estimated by acidi fying it with acetic acid, and then titratin g w ith a standard iodine solution. This course was adopted by us, and it will therefore be seen that we departed in no essential point whatever from the method of Bunsen and Schischkoff, which we had considered ourselves fully warranted in adopting, without questioning its trustworthiness. We were informed, however, last July by Dr. Debus, th a t in sub mitting potassium polysulphides to treatm ent w ith copper oxide, he had found much hyposulphite to be produced, even when air was perfectly excluded, it having been in the first instance ascertained that the several polysulphides experimented with did not contain any trace of hyposulphite. We proceeded at once to confirm the correct ness of his observations, by submitting potassium polysulphides to treatment with copper oxide, proceeding exactly according to the method prescribed by Bunsen and Schischkoff for the treatment of powder residues. In one experiment we obtained as much as 87'I per cent, of potassium hyposulphite (calculated upon 100 parts of potassium monosulphide). Even in an experiment w ith pure potas sium monosulphide, we obtained ID 6 per cent, of hyposulphite upon its treatment for the usual period with copper oxide.
We next proceeded to convince ourselves th at by substituting zinc chloride solution for copper oxide, the sulphur existing in solutions of potassium mono-and poly-sulphides might be abstracted, accord ing to the usual method of operation, without producing more than the very small quantities of hyposulphite ascribable to the access of a little air to the sulphides before or during the method of treatment.
Having confirmed the validity of Dr. Debus' objection to Bunsen and Schischkoff's method, and established the trustworthiness of a modification of that method (zinc chloride being substituted for copper oxide), we proceeded to submit to precisely similar treatm ent with these two reagents portions of solutions obtained by dissolving, w ith total exclusion of air (in the manner described in our last memoir and the present note), the residue furnished by special expert ments with P., R.L.Gr., and F.G. powders, exploded under the usual conditions obtaining in our researches, and in quantities ranging from 4,200 to 35,000 grs. (272*2 grms. and 2,268 grins.). The fol lowing is a tabulated statement of the results obtained by the two modes of treatment, and of the differences between the proportions of hyposulphite obtained by treatment of portions of one and the same residue with the two different reagents under conditions as nearly! alike as possible :- Table I .
Capt. For purposes of comparison, we subjoin a statement of the lowest proportions of hyposulphite furnished by 100 parts of the three powders used in our general series, and also the proportions, similarly expressed, which were obtained in the experiments with sporting and mining powder, the residues of which were dissolved with the same special precautions adopted in the case of the experiments given in Table I . 
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In reference to the foregoing numerical statements, we have to offer the following observation:-j l Substituting zinc chloride for copper oxide as the precipitant Sof the sulphur which existed in the form of sulphide in solutions of powder residues to which air had not had access at all, until the time jof its treatment with the zinc chloride, the amount of hyposulphite 'existing in solution after such treatment was found to range from 0-05 to O'78 in 100 parts of gunpowder, while the treatment of por. tions of the same solutions with copper oxide, in the precise manner adopted in our series of experiments, yielded proportions ranging from 1-38 to 2-39 per 100 of powder used. Comparing the results furnished by the two modes of treatment, it will be seen that in the case of the parallel experiments (245), which exhibited the least considerable difference in the amount of hyposulphite found, that existing after the copper oxide treatment was about sixteen times greater, while in the case of the highest difference (Experiment 241) it was about thirtyfour times greater than that found after the treatment with the zinc ; chloride.
2. I t would appear from these results that, in four or five out of seven experiments* no hyposulphite, or at any rate only minute quantities, existed in the residues previous to their solution, and although it would seem to have existed in very appreciable amount in two out of seven residues, the highest proportion found after the zinc chloride treatment was less than one-half the lowest proportion found in our complete series of analyses in which the copper oxide treatment was adopted.
3. A comparison of the results among each other leads, therefore, to the conclusion that potassium hyposulphite cannot be regarded as a normal constituent of powder residue (obtained in experiments such as those carried out by us), and that M. Berthelot is correct in re garding this salt as an accidental product, which, if existing occa sionally in appreciable amount in the solid matter previous to its removal from the explosion vessel, is formed under exceptional con ditions, and then only in comparatively small proportions.
While submitting this as the conclusion to be drawn from our most recent experiments, we are of opinion that the following points deserve consideration in connexion with the question whether hypo sulphite may not, after all} occasionally exist, as the result of a secondary reaction, in comparatively large proportion in the explosion vessel before the residue is removed.
It will be observed that although the copper oxide treatment, when applied to the sulphide in the pure condition .e., undiluted with the other potassium compounds found in powder residue), gave rise to the production of very large proportions of hyposulphite, when polysulphides were used, the highest proportion of that substance found, after the treatment of the particular residues used in the ex-'i periments given in Table I , only amounts to 2*82 per cent, upon the gunpowder (pebble powder) employed, which corresponds to about 14'5 per cent, of the average proportion of monosulphide existing in the residue furnished by that powder. In observing this, it must be borne in mind that the sulphide existing 'in powder residue isalways present, in part, and sometimes to a considerable extent, in the form of polysulphide, also, that the experiments with the sulphides were conducted precisely according to the method pursued in the treatment of the powder residues. I t would appear, therefore, as though the mixture of the sulphide with a very large proportion of other salts in solution rendered it less prone to oxidation by the copper oxide than when the undiluted sulphide, is submitted to its action.
In comparing with the results furnished by the zinc chloride those obtained by the copper oxide treatment, in the special experiments given above, it is observed that, omitting one exceptional result (No. 241) for which we do not attempt to account, the highest pro portions of hyposulphite are furnished by those residues which also gave the highest with the zinc chloride, the differences between the results furnished by the two treatments being likewise the highest in these three cases; so also the lowest proportions furnished by the copper oxide treatment, correspond to the lowest obtained with the zinc oxide, and the differences between the results furnished by the twomethods are in the same manner the lowest in these. It would almost appear, therefore, as though the existence of a very appreciable pro portion of hyposulphite in the solution of the residue had some effect in promoting the production of hyposulphite when the residue is sub mitted to treatment with copper oxide.
In a recalculation of the results of our analyses of the powder residues upon the assumption that the whole of the hyposulphite obtained existed originally as monosulphide, it is found that, in several instances in which the proportion of hyposulphite was high,, the analytical results are much less in accordance with each other than when it is assumed that the hyposulphite found, or at any rate a very large proportion of it, existed as such in the residue before removal from the^explosion vessel. Thus, taking the F.Gr. series, in which the mean qua/ntity of hyposulphite actually found is about double of that obtained either from the pebble or R.L.G-. powders, select ing from this series the three experiments which gave the highest proportions of hyposulphite, and calculating in the manner described in our first memoir the total quantities both of solid and gaseous pro ducts, first from the basis of the analysis of the solid products, secondly from the basis of the analysis of the gaseous products, and further on the assumption that the hyposulphite found existed as hyposulphite Capt. Noble and F . A. Abel.
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[ L e r a s a primary or secondary product prior to removal from the jlxplosion vessel, we have as follows: Calculating now in the same manner the quantities of solid and ! gaseous produots on the assumption that the hyposulphite found was, ! prior to removal from the explosion vessel, in the form of mono-o r poly-sulphide, we have from the same experiments [Mar. 4, Lastly, we still think that the following facts, given in our second memoir, must not be overlooked in considering the question of possible occasional existence of considerable proportions of hyposulphite viz that " the production of high proportions of hyposulphite was bat little affected by any variations in the circumstances attending the* several explosives (i.e., whether the space in which the powder was exploded were great or small), excepting that the amount was high ini all three cases when the powder was exploded in the largest space • on' the other hand, a great reduction in the size of grain of the gunpowder used appeared to have a great influence upon the production" of hyposulphite, as when passing from a very large grain powder (P. or R.L.G.) to a fine grain powder (F.G.). Thus, the production of hyposulphite exceeded 20 per cent, (on the solid residue) in only 3 out of 9 experiments with P. powder, in 3 out of 10, with R.L.G. and in 7 out of 9 with F .G .; while it was below 10 per cent, in 4 out of 9 experiments with P. powder, in 5 out of 10 with R.G.L., and in only 1 out of 9 with F.G. powder." The experiments made with these several powders followed in no particular order, and no circumstance ■existed in connexion with them to which these great differences in the results obtained could be ascribed.
We append a recalculation of the mean results of our three series of analysis, adding the values of the hyposulphite found, as monosulphide, to the amount of sulphide actually found, and we hope to be allowed to add to our second memoir a similar recalculation of the whole of our analyses.
This recalculation develops (as we pointed out in our second memoir must necessarily be the case) a more or less considerable deficiency of oxygen in the total products of explosion; there is, however, in every instance, also a deficiency of hydrogen, and it may, therefore, be reasonably concluded that the deficiencies in the total quantities of the oxygen and the hydrogen in the powder used, which ,are> unaccounted for in the products found, on the assumption that i variable proportions of the total hyposulphite found actually existed in the residues as sulphide, are properly accounted for by assuming that the missing quantities of these elements actually existed among the products as water, the amount of which it was obviously im possible to determine.
In conclusion, we have to state that we considered it right, in con sequence of the error discovered in the method adopted for the examination for hyposulphite, to repeat the experiments described in our first memoir as having been made by us, with the view of ascertaining whether hyposulphite could exist at temperatures approaching those to which the solid products of explosion were actually subjected in the explosion vessels in our experiments.
To test this point we submitted, for between ten minutes and a
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. quarter of an hour, to the highest heat (about 1,700° C.) of a Siemens regenerative furnace, two platinum crucibles, one filled with powdei residue, the other with potassium hyposulphite. At the conclusion of the exposure, and while the crucibles were still red hot, they were plunged into water, deprived of air by long-continued boiling, and at once sealed. The powder residue was found still to contain 1-27 per cent, of hyposulphite, while the crucible with the pure salt consisted of a m ixture of sulphate and sulphide, but with an amount of 2-1 per cent, of hyposulphite. It is probable that, if the exposure had been still longer continued, the hyposulphite would have altogether disappeared, and the experi ment can only be taken as proving th at the hyposulphite, especially if! mixed with other salts, is neither quickly nor readily decomposed I even at very high temperatures. The author, after alluding to the early conception by Dr. W erner Siemens of the dynamo-electric or accumulative principle of generating currents, makes reference to the two papers on the subject presented, the one by Sir Charles Wheatstone and the other by himself, to the Royal Society in February, 1867. The machine then designed by him, and shown in operation on th at occasion, is again brought forward with a view of indicating the progress that has since taken place m the construction of dynamo-electrical machines, particularly those by Gramme and Siemens-von Alteneck. The paper next points out certain drawbacks to the use of these machines, both of them emg subject to tbe disadvantage that an increase of external resistance causes a falling off of the cu rren t; and that, on the other hand,, the short circuiting of the outer resistance, through contact between the carbon electrodes of an electric lamp, very much increases the electric excitement of the machine, and the power necessary to main tain its motion, giving rise to rapid heating and destructive sparks in the machine itself.
An observation in Sir Charles W heatstone's paper is referred to, pointing to the fact th at a powerful current is set up in the shunt circuit of a dynamo-electric machine, which circumstance has since been taken advaiitage of to some extent by Mr. Ladd and Mr. Brush, m constructing current generators.
The principal object of the paper is to establish the conditions under
